INTRODUCTION
With the depletion of high-quality commercial phosphate rocks and the adoption of stringent phosphorus discharge limit of wastewater, phosphorus recovery from wastewater has drawn much attention of the water industry [1] [2] [3] . In recent years, crystallization of hydroxyapatite (HAP) on seed crystal has been shown as one of the best approaches for phosphorus recovery [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . So far a variety of seed crystal materials such as tobermorite [4, 5] , calcite [6] , xonotlite [7] , apatite [8] , and cow bone [9] have already been reported. The HAP crystallization on the surfaces of crystal seed can be described as the following reaction [10] : (1) Recently, it has been reported that converter slag was an one of the best seed crystal for phosphorus crystallization in terms of its cost-effectiveness and high performance [3, 10] .
However, few studies have investigated on the utilization of converter slag as seed material in phosphorus crystallization process for phosphorus recovery in medium concentrated phosphate solution. In the present study, the phosphate removal capacity of converter slag was investigated as a function of dosage, pH, temperature, and Ca 2+ concentration.
Meanwhile, characteristics of the products were determined by such analytical techniques as SEM, EDS and XRD.
II. MATERIALS AND METHODS
The converter slag used in this study was obtained from Several 250-mL flasks were shaken on a ZHYW-2112B
rotary shaker ( Zhicheng ,China) at 140 r/min for some time .
The water sample of 10ml were removed at frequent intervals and filtered rapidly through a 0.45 μm filter membrane,and
were analyzed according to Monitoring and Analytical
Methods of Water and Wastewater [11] . The concentration of phosphate was determined colorimetrically with a VIS-7200 spectrophotometer (Unico,China). After the batch experiment, 
III. RESULTS AND DISCUSSION

A. Effect of converter slag on crystallization
It is clearly seen from Figure 1a that seeded crystallization was much quicker and more efficient than un-seeded one (test set 1 and 2). At a reaction time of 5h and without seed about 65% phosphate was removed from solution, but with 3h and 2 g/L converter slag seeds, the crystallization efficiency was above 98% (Figure 1a) . These results show the effectiveness of the converter slag seeds on the crystal growth of calcium phosphate. Figure 1b shows that the P removal efficiency was elevated with the increase of converter slag dosage (test set 3), and when the converter slag dosage was above 1.7g/L, the removal efficiencies of P kept stable above 95% , but did not increase significantly any more with further increase of converter slag dosage. Figure 2 shows the relationship between P removal efficiency and initial pH value at the reaction time of 3h (test set 4). The P removal efficiency increased rapidly at pH range of 6.0-8.0 and kept stable above 90% at pH range of 8.0-9.5.
B. Effect of pH and temperature on crystallization
The P removal efficiency decreased at pH range of 9.5-11.0, and it was presumed to be due to the cocrystallization of calcium carbonate. 
C. Effect of calcium concentration on crystallization
To understand the effect of calcium concentrationon phosphate crystallization, the following solution conditions
were designed according to test set 6. Figure 4 presents effects of calcium ion concentration on phosphorus removal at the reaction time of 3h. With the increase of Ca/P molar ratio, the P removal efficiency increased significantly, and the residual phosphorus concentration dropped, but when the Ca/P molar ratio was above 2.0 the removal efficiencies of P increased little .
efficiency and residual phosphorus concentration.
D. Removal of phosphate from practical wastewater
In order to illustrate a technical application feasibility of converter slag, phosphate removal were conducted with two different practical wastewater, respectively. 100-mL wastewater were respectively gotten into two 250-mL flasks, and the crystallization conditions were: the pH of 9.5, the converter slag dosage of 0.17g, the Ca/P molar ratios of 2.0, the reaction of 3h. The results showed that the P removal efficiencies of the swine wastewater and the supernate of concentrated sludge were 95.36% and 96.54%, respectively.
The experiments showed with the tenth-time use of the converter slag seeds, the P removal efficiency was still above 80%. This fact suggested that converter slag have good performance for multiple uses, and is a hopeful seed for P recovery by crystallization of calcium phosphate.
E. Identification of crystallization product
The SEM micrographs of the converter slag before and after HAP crystallization on it are shown in Fig.5 . The crystallization conditions were: the pH of 9.5, the Ca 2+ concentration of 64mg/L, the converter slag dosage of 2g/L, the reaction temperature of 25℃. The micrograph in Fig. 5b revealed that the converter slag was covered with a distinguishable fibrous-network ,finely distributed crystalline substance, which was assumed to be HAP [7] . The EDS mapping analysis, depicted in Fig. 6 , demonstrated that the crystalline surface consisted predominantly of Ca and P, with a mole ratio of Ca to P (Ca/P) of 1.72, which is slightly higher than a theoretical Ca/P molar ratio of 1.67 for HAP. The Ca/P molar ratio > 1.67 found in the present work might result from the presence of CaCO 3 on the surfaces of seed particles [10] .
Total P contents in the generated crystallization products of up to 14.5 % P-tot (33.2 % P 2 O 5 ) were achieved.
On the XRD patterns of the crystallization product, three new peaks emerged at 31. 
IV. CONCLUSIONS
Batch experimental results showed the optimum crystallization reaction conditions were: the converter slage dosage was 1.7 g/L, the pH value was at range of 9-10, the reaction temperature was at range of 20-25℃, the Ca/P molar ratio was 2, the reaction time was 3h. Under the optimal reaction condition, when converter slag was used to remove phophate from swine farm wastewater and the supernate of concentrated sludge , the removal eficiency were 95.36% and 96.54%, respectively. Converter slag have good performance for multiple uses. With the tenth-time use of the seed, the P removal efficiency was still above 80%. Based on the SEM image and XRD patterns of converter slag before and after 10 times of phosphorus crystallization, it was demonstrated that the final product coated on seed cystal surfaces was a large amount of crystalline hydroxyapatite (HAP). The generated crystallization product had a P content > 10% which was fairly similar to natural phosphate rock and has a potential to be reused as a P fertilizer. The results of this study suggest that powdered converter slag is a hopeful seed crystal for highly effective in removal and recovery of P from wastewater.
